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(54) Method and device for drying a gas 

(57) Method for drying a gas by means of adsorp- 
tion on a regenerate desiccant (1 1). whereby a portion 
of the dried gas is used for regenerating the desiccant. 
The gas portion used for the regeneration is heated in at 
least two successive steps, said steps being performed 
in different zones (30,31 or 33-36) situated successively 
in the flow direction of the gas portion through the 
regenerating desiccant (11) and by stopping the heating 
in a zone (30,31 or 33-36) as soon as the desiccant (11) 
in this zone (30.31 or 33-36) is regenerated, so that this 
zone (30.31 or 33-36) may already be cooled down by 
the gas portion for regeneration while a suocessive 
zone (30.31 or 33-36) is still being regenerated by the 
heated gas. In each vessel (7.8) there are at least two 
individually controllable heating elements (25-26;27- 
28:38-41). 
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Description 

(0001 ] This invention relates to a method for drying 
a gas by means of adsorption on a regenerable desic- 
cant, according to which method a gas is sent through a 
first amount of this desiccant, while a portion of the 
dried gas is sent through a second amount of already 
used desiccant for regenerating it, this gas portion for 
the regeneration being heated and after having taken 
up moisture is evacuated, whereby, after regenerating 
the second amount of desiccant. the gas flow is 
inversed so that the gas to be dried is sent through the 
regenerated second anfx>unt of desiccant. while a por- 
tion of the dried gas is now sent through the first amount 
for regenerating. 

[0002] Methods of this kind are used amongst oth- 
ers for drying compressed gas, mostly compressed air. 
The compressed gas leaving the compressor has a rel- 
atively high moisture content. Part of the moisture is 
separated by cooling this air. The remaining moisture 
may be disadvantageous for the conducts and is unde- 
sirable for some applications. 

[0003] A known method of this kind is disclosed 
amongst others in EP-A-0.41 9.433. The compressed air 
to be dried is dried in a first column, while the wet des- 
iccant is regenerated in a second column by a portion of 
the dried compressed air. This portion is introduced, at 
half-height of the column, in the lower end of a tube 
mounted axially in the column and containing an electri- 
cal heating element. The gas is heated in the tube and 
flows in the wet desiccant at the top of the column, flows 
downwardly and leaves, charged with moisture, the col- 
umn at the bottom. 

[0004] It Is evident that this heated gas causes a 
heating of the desiccant. Heated desiccant is however 
less effective than cold desiccant and therefore the 
regenerated desiccant is normally cooled before being 
used again for drying. If the desiccant is too hot when it 
is used for drying, a regeneration will start instead of 
drying. Cooling is also necessary to avoid dew point 
pikes during drying. 

[0005] In said known method, this cooling is 
obtained by turning off the electrical heating while a por- 
tion of the dried conpressed air is still sent through the 
desiccant. 

[0006} In this way. the cooling can only take place 
after the complete regeneration of the desiccant and 
consequently the complete regeneration and cooling 
process is time-consuming. Moreover, an additional 
amount of already dried air is required for the cooling 
and is lost for consumption. This increases the energy 
consumption. 

[0007] The invention seeks to provide a method for 
drying a gas avoiding said disadvantages and permit- 
ting to minimalize the energy consunrption for regener- 
ating the desiccant. 

[0008] In accordance with the invention, this object 
is accomplished by heating the gas portion used fbr the 



regeneration in at least two successive steps, said steps 
being performed in different zones situated succes- 
sively in the flow direction of the gas portion through the 
regenerating desiccant and by stopping the heating in a 

5 zone as soon as the desiccant in this zone is regener- 
ated, so that this zone may already cool down by the 
gas portion fbr regeneration while a successive zone is 
still regenerated by the heated gas. 
[0009] It is obvious that the first zone to be regener- 

10 ated will be the zone where the gas portion fbr regener- 
ation is entered as this gas portion has not yet taken up 
much moisture. 

[001 0] This is especially the case if the gas portion 

for regeneration is sent tii rough an amount of desiccant 
IS in the opposite direction as the gas to be dried was sent 

when tills amount was used fbr drying. 

[001 1 ] In this case said first zone is tiie zone which 

has taken up the less of moisture during drying. 

[0012] The number of heating steps and conse- 
20 quently zones during regeneration may be higher than 

two. 

[001 3] Heating of tiie zones of the amount of desic- 
cant which is regenerated may be performed in several 
ways, for example by electrical heating elements, but a 
25 very effective way of heating Is by means of micro- 
waves. 

[001 4] The invention also relates to a device which 
is especially suitable for applying the method according 
to either one of the preceding embodiments. 

30 [0015] The invention concerns consequently a 
device for drying gas by adsorption, comprising an inlet 
pipe fbr tiie wet gas, an outlet pipe fbr the dried gas en 
between them at least two vessels mounted in parallel 
filled with a regenerable desiccant, means fbr connect- 

35 ing the inlet pipe alternately with tiie inlet of one of the 
vessels and the inlet of the otiier vessel for drying tiie 
wet gas, means fbr returning a portion of the dried gas 
to the vessel which is not connected to the inlet pipe, for 
the regeneration of the desiccant and heating means In 

40 both vessels, characterized in that the heating means in 
each vessel comprised several, individually controllable 
heating elements which are situated successively in the 
flow direction of the gas through the vessel. 
[(K)1 6J The invention will now be described by way 

45 of example and with reference to the accompanying 
drawings in which: 

Rgure 1 shows schematically a compressor instal- 
lation possessing a device for drying gas according 

50 to the invention; 

Rgure 2 shows schematically the device for drying 
gas from the installation of figure 1 ; 
Rgure 3 shows a part of the device of figure 2, but 
on a larger scale and with respect to another 

55 embodiment of the invention; 

Rgure 4 is a cross-section according to line IV-IV in 
figure 3. 
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[0017] Figure 1 shows a compressor installation 
which comprises essentially a compressor 1 and in the 
compressed air conduit 2 of it successively an after 
cooler 3, a pressure vessel 4. an oil separator 5 arvl a 
drying device formed by an adsorption dryer 6. 
[0018] As shown more in detail in figure 2, this 
adsorption dryer 6 comprises two columns or upstand- 
ing vessels 7 and 8 which are mounted in parallel 
between the inlet pipe 9 and an outlet pipe 10 and which 
are filled with a desiocant 11 , for example silicagei. 
[0019] The inlet pipe 9 consists of the portion situ- 
ated before the vessels 7 and 8 of the compressed air 
conduit 2 and is connected by means of a first electri- 
cally controlled three-way valve 12 and one of two con- 
duits 13 and 14 connected thereto, with respectively the 
vessel 7 or the vessel 8. 

[0020] The outlet pipe 1 0 consists of the portion sit- 
uated after the vessels 7 and 8 of the compressed air 
conduit 2 and is connected by means of two conduits 1 5 
and 16 with respectively the vessels 7 and 8. 
[0021] In the conduit 15 a non-return valve 17 is 
mounted while in the conduit 16 a non-return valve 18 is 
mounted. Both non-return valves 17 and 18 prevent the 
gas to return to the vessel 7 or 8. 
[0022] In a variant, the two non-return valves 17 
and 18 may be replaced by a single three-way valve. 
[0023] Both non-return valves 17 and 18 are 
shunted by a conduit 19 containing a throttle valve 20. 
[0024] To conduits 13 and 14 is connected an air 
outlet pipe 21 or 22 which is dosable by a valve 23 or 
24. 

[0025] In each of the vessels 7 and 8, heating 
means are mounted which each consist of a number, in 
the given example two, heating elements distributed 
over the height of the vessels in different zones. 
[0026] Vessel 7 contains thus two heating elements 
25 en 26. more F>articulariy electrical resistances, while 
vessel 8 contains two heating elements 27 and 28, 
more particularly electrical resistances. 
[0027] The uppermost heating elements 25 and 27 
are mounted inside an axially extending tube 29 which 
is perforated at the top of the vessel 7 or 8 and which is 
connected with its lower end, approximately at half- 
height of the vessel 7 or 8, with the conduit 15 or 16. 
[0028] The tube 29 opens with its perforations on 
the upper zone 30 of the vessel 7 or 8. 
[0029] The heating elements 26 and 28 are situated 
directly in the desiccant 11 in the lower zone 31 of the 
vessel 7 or 8. 

[0030] The heating elements 25, 26, 27 and 28 may 
be individually switched on or off by means of a control 
device 34. 

[0031] Both non-return valves 17 and 18 are 
shunted together by a conduit 32 dosable by a valve 33 
also controllable by said control device 34. 
[0032] Said control device 34 also controls the elec- 
trical valves 23 and 24 and the three-way valve 12. 
[0033] The above-mentioned device operates as 



follows: 

[0034] The compressed air produced by the com- 
pressor 1 is cooled in the after cooler 3 arxJ accumu- 
lated in the pressure vessel 4 where it is further cooled. 

5 As a result, part of the moisture in the compressed air 
will compensate. The condensate Is separated in a 
manner not shown in the figure 1 . 
[0035] After separation of the oil in the oil separator 
5, the compressed air enters via the inlet pipe 9 in the 

10 adsorption dryer 6. 

[0036] When the three-way valve 12 is in the posi- 
tion shown in figure 2, the compressed air enters via the 
conduit 13 in the vessel 7 where remaining moisture of 
the air is adsorbed in the desiccant 1 1 . 

15 [0037] The heating elements 25 and 26 are 
switched off and the valve 23 is closed. 
[0038] The dried air leaves the vessel 7 throu^ the 
tube 29 and the conduit 15 and reaches through the 
non-return valve 17 the outlet pipe 10. The non-return 

20 valve 1 8 prevents the air to enter the conduit 1 6. 

[0039] A small portion, for instance 3 to 8 vol. % of 
the dried air, however, reaches the conduit 16 through 
the shunt conduit 19, as far as the desiccant 11 in ves- 
sel 8 has already been used for drying and is saturated 

25 with moisture. 

[0040] This portion of the dried air expands in the 
tube 29 in the vessel 8. The heating elements 27 and 28 
are switched on by the control device 34 and the valve 
24 is opened. 

30 [0041] The air portion is first heated by the heating 
element 27 up to a temperature between 1 20 to 250''C, 
enters the upper zone 30 and flows downwards through 
the desiccant 1 1 . This portion of air is further heated by 
the heating element 28 in the lower zone 31 . 

35 [0042] Due to the heated air, the desiccant 1 1 in the 
vessel 8 is regenerated. The heating element 28 pre- 
vents condensation of the moisture with which the air 
portion has been saturated in the zone 30 and permits 
taking up of more moisture by the air t)ecause of its 

40 higher temperature. 

[0043] The regenerating air charged with moisture 
is evacuated through the outlet pipe 22 in which the 
valve 24 is open. 

[0044] The air portion for regenerating will first take 
45 up moisture from top. The dryer the top, the more the air 
can take up moisture from a lower layer of desiccant 1 1 . 
The desiccant 1 1 in the upper zone 30 will be dry and 
thus regenerated before the desiccant 11 in the lower 
zone 31 . 

50 [0045] This is the more the fact that, as during dry- 
ing with the desiccant 1 1 , the wet air flows from bottom 
to top. the desssicant 1 1 in the lower zone 31 contains 
more moisture than the desiccant 11 in the upper zone 
30 when the regeneration starts. 

55 [0046] After a certain time, namely when the desic- 
cant 1 1 in the upper zone 30 is expected to be dry, or 
preferably after a sensor measuring the degree of mois- 
ture in this zone 30 shows that the desiccant 1 1 in this 
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zone 30 is dry, the oorttrol device 34 switches off the 
heating element 27. 

[0047] This moisture content may be measured 
Indirectly by measuring the temperature. When the tem- 
perature of the air at the lower end of zone 30 reaches 
its maximum situated between 150 and 200°C, there is 
no water to be taken up from the desiccant 1 1 in this 
zone 30. 

[0048] This means that the air portion for the regen- 
eration cools the desiccant 1 1 in the upper zone 30 
which was previously heated, while the air in the lower 
zone 31 is still heated by the heating element 28 and 
still dries the desiccant 1 1 in this zone 31 . 
[0049] When also the desiccant 1 1 in this zone 31 is 
dry. which can be detected by measuring the tempera- 
ture at the outlet of zone 31. the control device 34 
switches off the heating element 28 and the zone 31 is 
cooled. Rnally the valve 24 is dosed. 
[0050] When the desiccant 11 in the vessel 7 is no 
longer effective and must be regenerated, the control 
device 34 changes the position of the three-way valve 
12 so that the pipe 9 is now connected with the conduit 
13. The regenerated desiccant 1 1 in the vessel 8 is now 
used for drying, while the desiccant 1 1 in the vessel 7 is 
regenerated In exactly tiie same manner as described 
herebefbre for the desiccant 1 1 in the vessel 8. At the 
start of the regeneration, the valve 23 is openend so 
that the pressure can be relieved from the vessel 7 and 
the regeneration may be performed at ambient pres- 
sure. 

[0051] As at the end of the regeneration, the upper 
zone 30 is already cooled while the lower zone 31 is still 
being regenerated, the total cooling time of the regener- 
ated desiccant 1 1 is shortened. 
[0052] This permits to use a smaller quantity of des- 
iccant 1 1 in each vessel 7 and 8 and a smaller vessel. 
Moreover, the radiation heat losses from the regenerat- 
ing vessel are smaller eind the energy consumption is 
lower. 

[0053] It is obvious that the number of zones 30 and 
31 and thus the number of heating elements 25.26 or 
27,28 in each vessel 7 or 8 may be more than two. Also 
other heating means tiian electric heating elements 
may be used as well. 

[0054] In figures 3 and 4 another embodiment of the 
adsorption dryer 6 is shown, whereby this dryer 6 only 
differs from the above described dryer 6 in that the ves- 
sels 7 and 8 are different in construction, more precisely 
in tiiat these vessels 7 and 8 are divided in five zones 
33, 34. 35, 36 and 37. four of which can be heated indi- 
vidually by means of a microwave heat source 38. 39. 
40 or 41. 

[0055] Only a part of the dryer 6 comprising the 
vessel 7 has been shown, but the vessel 8 is identical. 
[0056] Each microwave heat source 38 to 41 con- 
sists of a generator 42 mounted on the outside of tiie 
vessel 7 and an antenna 43 extending inside one of the 
zones 33 to 36 to be heated. The lowermost zone 37 is 



not provided with heating means. 
[0057] Each zone 33 to 36 contains also a sensor 
44 detecting the moisture content in the zone and con- 
nected via the control device 34 with the generator 42 of 
5 tiie microwave heat source 38. 39. 40 or 41 pertaining 
to this zone. 

[0058] The zones 33 to 37 are separated from each 
other by metallic perforated screens 45 restraining the 
microwaves emitted by a heat source 38 to 41 within tiie 
10 corresponding zone. The sreens 45 are for instance 
from stainless steel. 

[0059] The perforations of the screens 45 have for 
instance a diameter of about 1 mm while the desiccant 
particles are beads with a diameter between 2 and 5 

15 mm, so that the screens 45 not only retain the micro- 
waves but also tiie desiccant 1 1 . 
[0060] The screens 45 are conical in order to dis- 
tribute the desiccant 1 1 over the whole diameter of the 
vessel 7 and to obtain a filling of the desiccant 1 1 witii- 

20 out pockets. 

[0061] In order to permit filling and emptying the 
vessel 7 with desiccant 11 . the screens 45 are provided 
with an opening 46 at their top. for instance a round 
opening 46 with a diameter of about 2 cm. and a 

25 mjmber of slots 47 at their lower edge, for instance four 
triangular slots 47. 

[0062] Moreover, tiie vessel 7 is provided with two 
filling plugs 48 at its top and two emptying plugs 49 at its 
bottom. 

30 [0063] A purge pipe 50 with a purge air nozzle 51 is 
connected to tiie conduit 1 5. 

[0064] The drying device operates in the same wa/ 
as described herebefore except that during the regener- 
ation of the desiccant 11 . the heating of the air portion 
35 for the regeneration takes successively place in four 
zones 33 to 36 by microwaves, whereby as soon as a 
sensor 44 detects that the desiccant 11 in its zone is 
dry. the microwave generator 42 heating this zone is 
shutt off. 

40 [0065] The zones 33 to 36 will successively from 
top to bottom be dry and consequentiy no longer heated 
tHJt cooled by the air portion for the regenerating. 
[0066] Filling with desiccant 11 takes place by 
opening the filling plugs 48 and pouring desiccant 11 in 

45 tiie vessel 7. The desiccant 1 1 falls through the slots 47 
and the opening 46 of a screen 45 and fills up each 
zone 33 to 37. 

[0067] Emptying for replacing the desiccant 11 
occurs by removing the emptying plugs 49. whereby the 
so desiccant 1 1 fells down through the openings 46 and 
slots 47. 

Claims 

55 1 . Method for drying a gas by means of adsorption on 
a regenerable desiccant (11), according to which 
method a gas is sent through a first an(K)unt of this 
desiccant (1 1), while a portion of tiie dried gas is 
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sent through a second amount of already used des- 
iccant (11) for regenerating it. this gas portion for 
the regeneration being heated and after having 
taken up moisture is evacuated, whereby, after 
regenerating the second amount of desiccant (1 1). 
the gas flow is inversed so that the gas to be dried 
is sent through the regenerated second amount of 
desiccant (11), while a portion of the dried gas is 
now sent through the first amount for regenerating, 
characterized in that the gas portion used for the 
regeneration is heated in at least two successive 
steps, said steps being performed in different zones 
(30,31 or 33-36) situated successively in the flow 
direction of the gas portion through the regenerat- 
ing desiccant (1 1) and by stopping the heating in a 
zone (30,31 or 33-36) as soon as the desiccant (11) 
in this zone (30,31 or 33-36) is regenerated, so that 
this zone (30,31 or 33-36} may already cool down 
by the gas portion for regeneration while a succes- 
sive zone (30,31 or 33-36) is still regenerated by the 
heated gas. 
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7. Device according to daim 6. characterized in that 
the vessels (7.8) are separated in at least two 
zones (33,34,35.36.37) by means of at least one 
perforated screen (45). 

8. Device according to daim 7, characterized in that 
the screen (45) Is conical. 

9. Device according to daim 8, characterized in that 
each screen (45) is provided with an opening (46) 
at Its top and with at least one slot (47) at its lower 
edge. 

10. Device according to daim 9, characterized in that 
each vessel (7,8) comprises at least one filling plug 
(48) at its top and at least one emptying plug (49) at 
its bottom. 



2. Method according to claim 1 . characterized in that 
during the regeneration, heating of the gas occurs 

by means of miaowaves. 2S 

3. Device for drying gas by adsorption, comprising an 
inlet pipe (9) for the wet gas. an outiet pipe (10) for 
the dried gas and between them at least two ves- 
sels (7.8) mounted in parallel filled with a regenera- 30 
ble desiccant (11), means for connecting the inlet 
pipe (9) alternately with the inlet of one of the ves- 
sels (7,8) and the inlet of the other vessel (8,7) for 
drying the wet gas, means for returning a portion of 
the dried gas to the vessel (7,8) which is not con- 35 
nected to the inlet pipe (9). for the regeneration of 
the desiccant (11) and heating means in both ves- 
sels (7,8), characterized in that the heating means 

in each vessel (7,8) comprised several, individually 
comroliable heating elements (25,26; 27,28; 38-41) 4o 
which are situated successively in the flow direction 
of the gas through the vessel (7,8). 

4. Device according to claim 3, characterized in that 
the vessd (7.8) is divided in more than two zones 45 
(33-36) which are beatable by means of a heating 
element (38-41). 



5. Device according to daim 3 or 4, characterized in 
that in each zone (33-36) provided with a heating so 
element (38-41) is also mounted a moisture sensor 
(44) commanding through the intermediary of a 
control device (34) the heating element (38-41). 



6. Device according to eitiier one of daims 3 to 5, ss 
characterized in that tiie heating elements are 
microwave sources (38-41). 
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Abstract of EP1010452 

Method for drying a gas by means of adsorption 
on a regenerable desiccant (11), whereby a 
portion of the dried gas is used for regenerating 
the desiccant. The gas portion used for the 
regeneration is heated in at least two successive 
steps, said steps being performed in different 
zones (30,31 or 33-36) situated successively in 
the flow direction of the gas portion through the 
regenerating desiccant (1 1 ) and by stopping the 
heating in a zone (30,31 or 33-36) as soon as the 
desiccant (1 1 ) in this zone (30,31 or 33-36) is 
regenerated, so that this zone (30,31 or 33-36) 
may already be cooled down by the gas portion 
for regeneration while a successive zone (30,31 
or 33-36) is still being regenerated by the heated 
gas. In each vessel (7.8) there are at least two 
individually controllable heating elements (25- 
26;27-28;38-41). 
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